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I AERODYNAMIC RESULTS OF A SEPARATION EFFECTS
TEST CONDUCTED IN THE _=nq 40 x 40 INCH TUNNEL A
FACILITY CN THE ROCKWELL INTERNATIONAL LAUNCAI
CONFIGURATION 3 (MODEL 32-OTS) INTEGRATED VEHICLE
(IA13)
by
J. H. Campbell, II
Rockwell International Space Division
ABSTRACT
Experimental aerodynamic investigations were conducted from July 5
through July 17, 1973, in the AEDC/VKF tunnel A facility, on a 0.01 scale
model (Model 32-OTS) of the Rockwell International launch configuration 3
Intagrated Vehicle (excluding the left-hand booster). The AEDC captive
trajectory system was utilized in conjunctien w_th the tlmnel primary
sector to obtain "grid-type" data for tank (ET) abort from the Orbiter
(SSV), and for nominal separation of one Booster (SRB) from the Orbiter-
Tank combination. Booster separation was investigated with and without
separation motors plume simulation. The plumes were generated by eight
Mj = 2.15 nozzles using a 1500 psia cold air supply.
Free stream data were obtained for all models (orbiter, tank,






I I i I
The entire Investigation was conducted at a nominal free stream Mach
number of 4.5 and at Reynolds number per foot r_nging from approximately
7.0 x 105 To 6.6 x 106 •
This report is pubJ<_hed in three volumes. Volume I contains data
figures through page 894. Volume II contains the remaining data figures
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a speed of sound; ft/sec
V velocity; ft/sec
M MACH Mach number, V/a
q_ Q(PSF) dynamic pressure, pV2/2; psf
p RHO mass density; slugs/ft 3
Ab base area; ft2
CAb CAB base force coefficient, -Ab(eb - P_)/q_Sw;
base force
q_Sw
CAf CAF forebody axial force coefficient; CA - CAb
CA CA axial force coefficient excluding adjustments




CN CN normal force coefficient; q_Sw
C_ CBL rolling moment coefficient; rolling momentq_Sw_ref
Cm CLM pitching moment coefficient; pitching momentq_Sw_ref
side force
Cy CY side force coefficient;
q_Sw
Cn CYN yawing moment coefficient; yawing moment
- q Sw£ref
..................................................................................................i975022167-010





Sw SREF reference wing area; ft2
CPS captive trajectory system
Pbl/P PBI/P number one base pressure ratio
Pb2/P_ PB2/P number two base pressure ratio
Pc/P PC/P sting/balance cavity pressure ratio
Pbl PBI number one base pressure; psla
Pb2 PB2 number two base pressure; psia
Pc PC SRB separation nozzle chamber pressure; psia
P® P freestream static pressure, psia
Pt® PTOTAL freestream total pressure, psia
CPBI number one orbiter base pressure coefficient,
CPbl (ebl - e_)/q_
CPb2 CPB2 number two orbiter base pressure coefficient,(eb2 - e_)/q"
CPC sting balance cavity pressure coefficient,
CPc (Pc - P_)/q_
R/£ RN/L freestream unit Reynolds number x 10-6; per foot
_ref LREF reference dimension used to reduce the measured
BREF balance m_nent data to coefficient form, orbiter
model body length, inches
_;_ 6a AILRON aileron deflection; degrees
_e ELEFrR elevon deflection; degrees
6




8r RUDDER rudder deflection; degrees
Aa DALPHA parameter name for nominal angle of attack
difference, (Aa = _SRB - _OT) or (Aa = aET - aO);
_egrees
AB DBETA parameter name for nominal angle of sideslip
difference, (AB = BSR B - BO/T) or (AS = SET - 80);
degrees
aO/T ALPHA orbiter tank angle of attack. All source data are
presented as a function of aO/T, except for isolated
tests and those _here the tank is separating from
the u_biter; degrees
aSRB = _O/T + ga
a0 ALPHA orbiter angle of attack. Source data are presented
as a function of a0 for isolated tests and those
where the tank is separating from the orbiter;
degrees
aET = _0 + Aa
_ET ALPHA external tank angle of attack. Source data are
presented as a function of aET' only, for tests of
the isolated external tank, degrees
aSRB ALPHA solid rocket booster angle of attack, source data
are presented as a function of aSRB, only, for
tests of the isolated SRB, degrees
80/T BETA orbiter tank angle of sideslip. All source data _
are presented as a function of 80/T except for
isolated tests and those where the tank is separ-
rating from the orbiter; degrees
'SRB= 80/T + a8
BO BETA orbiter angle of sideslip. Source data are
presented as a function of BO for isolated tests
and those where the tank is separating from the
_,_ orbiter; degrees





_ET BETA external tank angle of sideslip. Source data
are presented as a function of BET, only, for
tests of the isolated external tank, degree=
BSRB BETA solid rocket booster an_le of sideslip. Source
data are presented as a fun._ion of 6SRB, only,
for tests of the isolated SRB, degrees
_SB SPDBRK speed brake flare angle, degrees
c.g. center of gravity
Tt_ TTOTL freestream total temperature; °R
T_ T freestream static temperature; °R
AX X separation distance measured along the longitudinal,
X axis; inches. See figures 2d and 2e
YMRP X station of the moment reference center; inches.
See figures 2b and 2c
bY Y separation distance measured along the iateral,
Y axis; inches. See _&uces 2d and 2e.
YMRP Y station of the moment reference center; inches.
See figures 2b and 2c.
D
ZMRP Z station of the moment reference center; inches.
See figures 2b and 2c.
_Z Z separation distance measured along the vertical
Z axis; inches. See figures 2d and 2e.
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I INTRODUCTION
The NASA Space Shuttle Integrated 7ehicle (SSV) is comprised of four
components: an orbiter (O), an external fuel ta_t (ET) for the orbiter,
and.two solid rocket boosters (SRB's). During the ascent phase of the
SSV the ET and SRB's are separated from the orbiter, and return to earth.
In order to assure clean separation of the ET and the SRB's from the orbi-
ter it is necessary to know the aerodynamic forces acting on these com-
ponents, and the orbiter, during the separation procedure. This test was
conducted to determine the interacting aerodynamic effects for two situ-
ations: i) nominal abort of the SRB from the orbiter/external tank com-
bination and 2) emergency abort of the external tank from the orbiter.
Data were obtained at a freestream Mach number of 4.5 with Reynolds
number varying from 7.0 x 105 to 6.6 x ]06 per foot. The SRB has small
rocket motors which are utilized to assure positive separa=ion. During
these tests motor operation was simulated by using cold air jets and data
were recorded with and without these motor plume simulations.
The isolated vehicle components were tested over an angle of attack
and sideslip range as shown below:
Vehicle Component _ Range 6 Values
Orbiter -I0 ° to 30° 0_, 5°, i0°
External Tank -40 ° to i0° 0°, 5°
Orblter/External Tank --i0= to 30° 0°, 5°
Solid Rocket Booster -30° to 15° -I00, 00, 5°, i0°,
_ 20 ° ' 30 °





In order to examine the interacting flow field effects during the
two abort situations, the separating component was held at attitudes
relative to the parent configuration and moved to various field positiols
to record aerodynamic data. The relative attitudes tested were:
Vehicle Component Aa RanBe AB Values
External Tank -30 ° to 5° 0°, +5°
Solid Rocket Booster -20 ° to 5° 0°, +_5°, -I0 , -20 °
where for external tank As = (SET - _O), AB = (BET - BO)and for solid
rocket booster As = (aSRB - aO/ET)' AB = (BSR B - BO/ET).
The vertical (Z), longitudinal (X) and lateral (Y) separation dis-
tance ranges were :
Vehicle Component X-Inches(f.s.) Y-Inches(f.s._ Z-Inches(f.s.)
External Tank 0 to 1200 -200 to 200 0 to 1300
Solid Rocket Booster 0 to 1600 0 to 800 0 to I00
where for the external tank, X, Y, and Z = 0 when the ET nose is in the
mated position with respect to the orbiter. (See figure 2d.) For the
SRB, X, Y, and Z - 0 when the SRB nose is in the mated position with
respect to the Orbiter/External Tank. (See figure 2e.)
During SRB separation testing (see figure 2e.) the external tank
was rigidly attached to the orbiter, which was supported inverted on the
tunnel primary sector. The booster was supported on the CTS via a flow-
through balance and sting.





orbiter was supported inverted on the primary sector and the ET was sup-
ported on the CTS.
No base or cavity pressure taps were built into the models. To ob-
tain these pressures (two base, one cavity per model), hardline tubing
was routed to tilevicinity of the model bases and bent into areas where
pressures were desired.
As an aid in clarifying the interdependence of =he test configuration
with the tabulated source data in the Appendix, the following array is a
necessary adjunct to the Run Summary Schedule of Table II.
APPENDIX
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The O.Ol-scale 32-OTS models consists of an orbiter, tank, and one
booster (with metric hlgh-pressure separation thrusters, fore _nd aft).
See figures 2b and 2c.
The configuration of each vehicle component tested is given below.
Pertinent dimensional data for these model components may be found in
Table III.
Orbiter 09 = (BI9C7F5M4) (WIo7E23) (V7R5) where:
Component _efinition
BI9 Fuselage per Rockwell llne VL70-OOOI39B.
(Model drawing SS-A00062)
C7 Canopy per Rockwell Lines VL70-OOOI39B.
(Model drawing SS-AO0062)
E23 Elevons per Rockwell lines VL70-OOOI39B.
(Model drawirg SS-A00109)
F5 Body flap per Rockwell lines VL70-OOOI39B.
(Model dawing SS-A00062)
M4 Orbital Maneuvering System per Rockwell lines
VL70-OOOI39B. (Model drawing SS-A00062)
R5 Rudder per Rockwell lines VLTO-OOOI39B and
VL70-000095. (Model drawing SS-A00062)
V7 Vertical tall per Rockwell lines VL70-OOOI39B and
VL70-000095. (Model drawing SS-A00062)
WI07 Wing per Rockwell lines VL70-OOOI3OB.
(Model drawing SS-A00109)
'_!_ The external tank (T]0) is not broken down into subassemblies and







The solid rocket booster ($8) is not broken down into subassemblies
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TEST FACILITY DESCRIPTION
The AEDC ven Karman Facility (VKF) Tunnel A is a continuous, closed-
circuit, variable density wind tunnel with an automatically driven f_ex-
ible-plate-type nozzle and a 40- by 40-in. test section (see Figure 3).
The tunnel can be operated at Mach numbers from 1.5 to 6 at maximum stag-
nation pressures from 29 to 200 psia, respectively, and stagnation temper-
atu_es up to vS0°R (M = 6). Minimum operating pressures range from about
one-tenth to one-twentieth of the maximum at each Mach number. A descrip-
tion of the tunnel and airflow calibration information may be found in
the Test Facilities Handbook*.
*Test Facilities Handbook (Ninth Edition). "von Ka_man Gas Dynamics




Six-component aerooynamic force and moment data were recorded for
the Orbiter,External Tank, and Orbiter/ET. Four-component force and momellt
data _ere recorded for the SRB. Thrust loads generated by the SRB sepJra-
tion motors were treated as tares and were subtracted from balance recorded
loads before computing coefticients. For Orbiter Ireestream and I-T ah,rt
testing, the Orbiter was ;_,ounted on the AEDC 0.85-inch 4.00-Y-36-037
balance. For ET freestream ,rod ET abort, the El vas mounted on the #EDC
0.85-inch 4.00-H-36-049 balance. For SRB separat ion, the Orbiter/ET was
moun_ed on the 4.00-Y-36-049 balance. For SRB freestream and separatism,
the SRB was mounted on the Rockwell 0.625-inch 4.(I0-H-34-065 flow-through
balance.
All force and moment data were reduced to _oefficient form in the
body axis system. Base and balance cavity pressures were re orded. H,_w-
ever, no pre._._ure adjustment_ were made to the force and momL nt data. All
coefficients are based on the following reference dimensions.
SRE F = orbiter wing reference area = 0.269 ft 2
|aREF = bRi.F = orbiter body length = 12.903 inche_:
Moments are about the foll,_wing reference c.g. locati(,ns: _w
Orbiter (Isolated and with ET separating):
XMRP = 8.516 inches aft of orbiter nose (see figure 2c
ZMRP = 4.0 (fuselage reference line 4.0)
External Tank (Isolated and while separating from orbiter):
_, XblRP =: [0.94 inches aft of ET nose (see figure 2c
ZMRP = 0.0 (tank centerline)
15
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Orbiter/ET (Isolated and with SRB separating)
XMRP = 7.43 inches aft of ET nose
(see figure 28
ZMRP = 0.47 inches above ET centerline
SRB (Isolated and wbile separating from Orbiter/ET)
XMRP = 9.67 inches aft of SRB nose (see figure 2b )








MACHNUMBER (Pounds/Sq. Inch) (pounds/sq..inch) (de_eesFahrenheit)
_t.sa go 3. Rs
5B 2,2o
,/,5/ z_r.? t, ,/I
q,qg. //. _ o, _#
!
I




NF ._1_¢0 _2d_o _ _0.2 :ho.3 -_0,25" _ [, _-- I,
SF _ qS _to_ _1oo =*o,15,_o.3 _0._.
AF _2_' *_50 -- _,0.15_0,3 -- ___
I
PM _oo _3£,_ :t36,o _o.5".J=l.O_1,0
! =
YM _.tSo !'tIQIO a2"1,5 ._0.._ _.l,O _0,75 " 'I



























































TABLE III. MODEL DIMENSIONAL DATA
MODELCOMPONENT: BODY -,(PtgJf
GENERALDESCRIPTION: Conflpuratlon 3 lightweight Orbiter fuselage
Mode_ Scale= 0,010 Model Dra:vin_No, SS-A00062
DRAWlNG NUMBER: Vi,70_O00_?_
DIMENSIONS: FULL-SCALE MODEL SCALE
LengthN in. 1290.3 12.903
Max. Width~in. (@ Xo = 1528.3in.) _ 267.6 2,_76
Max. Depth~in. (@ X = 1480.52in.) 2AL.5 2.AA5
o
* FinenessRatio _ A.SL6
Area~ft_




* Fineness.Ratiois the fuselagelengthdividedby the equivalent
diameterfor the maximumcross-sectionalarea.
39
..... ............... i,,i , ..........
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TABLE III. MODEL DIMENSIONAL DATA (CONTINUED) 1
MODEL COMPONENT: Canopy (C7)
GENERAL DESCRIPTION: Configuration 3 lightweight Orbiter CanoF./
Model Scale = 0.010 Model Drawing No. SS-A00062
I
DRAWl NG NUMBER FLTO-OOOI39B
DIMENSION: _ FULL SCALE MODEL SCALE













TABLE ili. MODEL DIMENSIONAL DATA (CONTINUED)
MODEL COMPONENT: Elevon {Eo_)
GENERALDESCRIPTION: Configuration 3 llEhtwei_ht orbiter e!evcns
Data for (I) of 42) sides
Model Scal_ = O.O10 Model Dra_in.g No. SS-AOOI09
DRAWlNG NUMBER: VLTO-OOO_L39]_
DIMENSIONS: FULL-SCALE MODEL SCALE
Area~ ft.2 205.52 O.02055
Span (equivalent)~in. _3._4 3.5_3&




At Inb'dequiv,chord 0.208 0.208
At Outb'dequiv,chord 0./,00 0.400
Sweep BackAngles,deg
Leading Edge O.O0 O.O0
TailingEdge -IO.2A -I0,24
llingeline 0.00 0.00
Area Moment (Normalto hinge line)~ft3 1548.07 __O..OOlS_S___
41
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TABLE III. MODEL DIMENSIONALDATA (CONTINUED) ,-
MODEL COMPONENT: Body Flap (F5) __
GENERALDESCRIPTION: Configuration3 lightweightorbiterbody flap
i
Hodel Scale = 0.010 Model Drawing ?:o.SS-AO0062
DRAWlNO NUMBER FL70-0001399
DIMENSION: FULL SCALE MODEL SCALE
Length-, in. 8/,.70 O.8&70













TABLE III. MODEL DIMENSIONAL DATA (CONTINUED)
[ MODEL COMPONENT: OES Pod ,(M4) , ,
GENERAL DESCRIPTION: Configuration 3 lightweight Orbiter Orbital
}_4_.ueverLn_S_stem _xl, .
JL_I Scale = O.O10 Model DrawinE No. SS-AOOO62 !
DRAWl NG NUMBER VL?O-OOOI39B
DIMENSION: FULL SCALE MODEL SCALE
Length--in. 3_6.0 3./,60
Max Width,.-in. 108.0 1.080









TABLE I!I. MODEL DIMENSIONAL DATA (CONTINUED) I
MODEL COMPONENT: Rud.der (R5)
GENERALDESCRIPTION: Configuration3 lightweicht Orbiter rudder
Mode| Scale = 0,0%0 McvjelDra_rl_.E _:o. SS-A0(0)62
VLTO-0OOI3?B
DRAWINGNUMBER: VL?0-,OO0,?_
DIMENSIONS: FULL-SCALE MODEL SCALE
Area~ft.2 106.38 0.010638





At Inb'dequiv,chord O.AO0 0.400
At Outb'dequiv,chord 0.400 0.400
Sweep Back Angles,dog.
Leading Edge 34.83 3A.83
Tailing Edge 26.25 26.25
Htngeline 3_.83 3_.83







TABLE III. MODEL DIMENSIONAL DATA (CONTINUED)
MODEL COMPONENT:..VERTICALTAIL Q/?I _ _
'I GENERALDESCRIPTION:,,.C°nfi_urati°n-3 lightwei_hg orb±.ter vgrtica! tail,_ ,
..... _ double,,wedEe,_, . ,,airf°ilsections with _'ounded le_din_ edr_.
-- - _ _ til i • ii ! _
Model Scale = 0.010 Model I)rawir_-No. SS-AOOO6Pm _ | , i
VL70-000139 B
DRAWINGNUMBER: VLTO-OOQO?_,
DIMENSIONS: FULL-SCALE MODEL SCALEt ,,, ,
TOTA'_DATA
Area (Theo)~ft2 &13.25 0.0&132
P]anform
Span (Theo)~in. _ _--
Aspect Ratio ,1.675 1.675
Rate of Taper 0.507 0.5()7
Tap.erRatio .AO_ .404
SweepBack Angles~deg. -- .
LeadingEdge AS.000 A5.(X)O
TrailingEdge 26.2&9 26.24_) '
0.25 ElementLine _&l.130 41.i_0Chords: --
Roo_ (Theo)WP 268.50 2.(_8_0
Tip (Theo)WP lOS.A? _.0847
MAC 199.81 i.9981
Fus.Sta. of .25 MAC iA63.50 IA.6350
W. P, of .25 MAC 635._22 6.35522
B. L. of .25 MAC 0.00 0.09
AirfoilSection
LeadingWedge Angle -_deg. ..i._._9.00
Trailing Wedge Angle~ deg. 1&_920 1A.920
Leading EdgeRadius ~ in. , 2_00 0.020
Void Area~ ft_
BlanketedArea~ ft2 _ 0:0o1312.67 -- 0.0012
45
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TABLE [I1. MODEL DIMENSIONAL DATA (CONTINUED) i
F_)DELCOMPON_T: WING (WlO?)J i.|i
GENERALDESCRIPTIOn: Configuration 3 lightweight Orbiter wing
I ii i J J i _ 11 . __
Model.Scale= 0.010 _ , _ Model DravrinE,'To........SS-AO0109
DWG.NO.,VL!O-OOO_gB'




Span (Theo)~ in. 936.6_.:
Aspect Ratio -- 2.265 __.2_5 .
Rate of Taper _ 1,177
Taper Ratio .0,200 0,200
DihedralAngle,deg.(@ T.E. of Elevon) 3.500 _ _
IncidenceAngle,deg. 0,_00 0,_00
Aer.odynamicTwist, deg. . +_.o00 +_._')0
SweepBack Angles,aeg.
LeadingEdge ../,5.000 45.o0O
T,-alIing Edge -I0.22, -3.0,P;i
0,25 ElementLine 35.20? . 3___5,_P,9
Chords: ~ in.
Root (Theo)B.P,O,O, 689.21,.. 6_FI_24
Tip, (Theo)B,P, 137,85..
MAC 474.81 J _,_QI
Fus,Eta. of ,25 MAC _13_36._9 11.2587
W,P, of .25 MAC 299.2¢) _2.?720
B.L, of .?-5MAC -182._
EXPOSEDDATA
_o) ,-' ft2 1752.29 O.:17523
Span,(Theo)~in. (P_omB.P. I08 in.) 720.68 7.2%8 "
Aspect Ratio 2.058. _ "_
Taper Ratio 0.2451 O.2!,_1
Chords:_ in.
R_x)t(@ B.P. 108) _62.40 _0_.__
Tip 137._ 1.3_85
MAC 393.03 3. o'_r)3
Fus. Eta. of .25 MAC I18_.31 iI..__:]3.
,¢t" Q_"W,P. of .25 MAC _ _,¢,0,.2o_%_._ .-",r,
B.L, of .25 MAC 2s1_7_
Airfoil Section(RockwellMod NASA)
XXXX-64
Root T = _ Yo 199 to I':4XA0010 . 0,I0 , 0.I0
i_ Tip _'r= _ 0.!2 0._?
c
_ Data for (I) of (2) Sides
LeadingEdgeCuff_ i ]' i
_: PlanformArea~ it,z _._ p_.J,CU_.3_ ,_




TABLE III. MODEL DIMENSIONAl DATA (CONTINUED)
MODEL COMPONENT: External Tank (TID)
GENERAL DESCRIPTION: Configuration 3 External Oxygen H,vdro_enTank
Model Scale = 0.010 Model Drawln_ _'o, SS-AOOI08 •
VL72-000088
DRAWl NO NUMBER VL78-OOOOAI
DIMENSION: FULL SCALE MODEL SCALE
Length,-,in. --_,_f--.---- 18.65
Max Diameter-in. 324 3.24
Max Depth
Fineness Ratio (Length/Max. Dia.) 5.75617 5.75617
Area-.ft2








TABLE III. MODEL DIMENSIONAL DATA (CONCLUDED) 1
MODEl. C_/v, PONENT:. Booster ($8)
GENERAL DESCRIPTION: Ca_fiEuration 3 Booster Solid Rocket Nator
Data for 1 of 2 Boosters
|
Hodel Scale 0.010 Model Dravrl_g NO, SSA-O0113
FL72-000088
DRAWl NG NUMBER YL?7-O000_6,
DIMENSION: FULL SCALE MODEL SCALE|
Length (Includes Nozzle) _ in. _ ._,_,
Max Width (Tank Dia.)_ in. IA2.0 I.A20
Mox Dia. (_=,x. Nozzle Shroud Dia.)_in. 205.0 20_O
* Fineness Ratio 8.&9268 8.&9269
, d
Areo,.,Z%2

































TFIGURE 3. AEDC yon Karman Gas Dyn_tic Facility Tunnel A
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Vo] u_nme _usc_rJ]_ tion
l l)_it,l Figures (page'_ 1 through 894)
11 D_tta Figur_.s (pages 895 through 1498)
II[ Tabulated Source Data
'I'AgUt,A'I'ED SOUI;,CE I)ATA
VOI.IIMt,; I 1 1
_6_ Tabulations _f plotted d_Jta arc .,wlil,lhlt. _m
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